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Introduction and Workshop Goals

This workshop was convened to gain a better understanding of incidental capture and
injury or mortality of threatened and endangered sea turtles in pelagic longline fisheries, and
to identify ways to reduce, prevent, or mitigate this incidental capture.  The purpose was to
assist the National Marine Fisheries Service (NMFS) in carrying out its marine resource
conservation responsibilities and statutory mandates under the Endangered Species Act (ESA)
and the Magnuson Fishery Conservation and Management Act (FCMA).  

NMFS has diverse responsibilities for marine resources including the conservation and
management of commercial fisheries identified under the FCMA, and conservation and
recovery of marine species listed as threatened or endangered under the ESA.  These
responsibilities overlap when listed species, such as sea turtles, are taken incidentally in
commercial fishing operations.  With some exceptions, the ESA prohibits the take of sea
turtles.  Take is defined in the ESA as “to harass, harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or to attempt to engage in any such conduct.”  Takes can be authorized
through permits, regulations, or the consultation process under Section 7 of the ESA.

Throughout the world, longline fishing gear is hooking and entangling sea turtles. 
Although the full impacts of longline fishing on sea turtles is not well documented, it is
estimated that the levels of incidental capture and mortality are high enough to affect the
recovery of threatened and endangered sea turtles.  Both a voluntary observer program and
logbook records from the Hawaii-based longline fishery suggested that large numbers of sea
turtles were being taken incidentally in the Pacific.  Subsequently, NMFS initiated a Section 7
consultation, established a mandatory observer program to document the incidental takes, and
began to implement a research plan to measure the impacts of hooking on sea turtles.

In the Atlantic and Gulf of Mexico, a number of voluntary and mandatory observer
programs that have been in place for several years have recently reported large estimates of
incidental sea turtle takes.  The estimated impacts were large enough to conclude that current
longline fishing operations in the Atlantic and Gulf of Mexico may affect, or even jeopardize
the continued existence of certain species, such as the endangered leatherback sea turtle,
Dermochelys coriacea.

The workshop participants included NMFS researchers in charge of observer
programs and NMFS resource managers and technical experts, who were to consider the
observer information and to help determine what can be done to reduce or mitigate the
incidental capture of sea turtles in longline fisheries.  Of equal importance in this discussion
were the participation of representatives of the longline fishing industry, who would be
affected by any action taken by NMFS.  We hoped that what we learned during this workshop
would assist NMFS in the identification of those measures necessary to ensure that longline
fisheries can continue in a manner compatible with the protection of threatened and
endangered species.  We hoped that the workshop would result in recommended research and
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mouths of fish I caught.  As you can see the deterioration of the Eagle Claw is substantially
less than that of the Mustad.  In the next row are Japanese hooks that I procured in 1992. 
The first hook is a giant tuna hook taken off a Japanese longline I tangled with on the tail of
the Grand Banks in November of 1992.  Below it are two hooks taken out of fish I caught in
1992 or previously.  The extensive deterioration, especially at the hook eye is evident.  The
next row of hooks are Japanese hooks that I procured in 1993.  On these two hooks you can
see the zinc attached to the shaft of the hook.  On the deteriorating hook you can see how the
1993 eye has lasted quite a bit better than the similar 1992 version.  The last row is a hook
from a Canadian longliner, which I got in November of 1993 also.  This hook is a Mustad
7698B 10/0.  They apparently are still using the older, more corrosive hooks.

This is not a scientific study, yet it shows two things.  One, the fishing nations of the
world are switching to hooks that last longer.  This is a natural economic evolution of fishing
gear.  While these less corrosive hooks will not necessarily catch more fish, they will be
fishable longer.  As a captain, I switched from the Mustad to the Eagle Claw simply because
the Eagle Claw was $ 0.20 cheaper.  As we use thousands of hooks per year, this was not a
hard decision to make.  The second thing it shows is that fish and other by-catch that get
released are now swimming around with a longer-lasting hook in their mouth.  It would seem
to me that this is the wrong direction to be heading in a fishery with the potential to reduce
by-catch of several species by releasing them alive, especially protected species.  Some in the
industry may balk at losing their shiny hook, yet this small action may be an easy way to aid in
the survival of any released creature.

Preliminary data that I have seen for the Japanese longline fishery in the Gulf of Mexico
indicates a higher mortality rate than I have experienced.  In eight years of pelagic longlining,
I have seen many sea turtles at the surface, encountered some on the gear, and yet I have
never seen a dead sea turtle.  We caught a sea turtle once a few years ago that was very weak. 
It was a leatherback that was trussed up in the mainline and a buoy.  The buoy was right up
against the sea turtle, wound-up tight.  I stopped the boat alongside the sea turtle and isolated
it from the rest of the mainline.  It was approximately 1:00 PM in the afternoon and the
weather was beautiful.  I got on my stomach at the edge of the boat and leaned out over the
sea turtle and untangled it.  As I started, I was struck by the fact that it did not struggle. 
There was no bleeding as indeed I have never seen a bleeding sea turtle, no doubt a factor of
its hardy, reptilian body.  It was definitely alive as I could tell by the normal, gasping-like
breathing of a sea turtle, the result of the mist in its breath, much like the blow of a whale.  As
I got it untangled, it began to move its flippers.  I finally got the buoy unwound which freed
up the sea turtle's movements as the buoy was no longer wedged against its front flippers. 
Now it began normal leatherback-like struggling as I cut it free.  It slapped me in the head and
gave me a mid-afternoon shower.  As it swam off I felt confident that it would survive.  That
sea turtle was the weakest of any sea turtle I have ever seen.

Most American longliners that I have talked to say the same thing.  They catch a few sea
turtles that are almost always alive.  I am puzzled as to how any longline gear could produce a
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significant boatside mortality rate in that my personal gear in eight years of fishing has never
yielded a dead sea turtle.  There are several explanations that I can proffer.  The first would be
the difference of the depth of the gear that is fished.  As you can see from my diagram, there
are significant differences in various international gear types.  For example, Japanese bluefin
gear is fished much deeper than North American swordfish gear and there is more distance
and line between floats.  A second characteristic of gear to examine would be gear weight.  In
an albeit unscientific analysis, I have attempted to weigh a sample of American gear,
Taiwanese gear and Japanese gear.  The type of lay that the line has would be another
significant factor.  A typical North American longline is dragged out behind the boat by the
weight of the line already in the water.  This results in a tight longline that will stretch out
straight on the current edges when laid correctly.  A typical “Japanese”-style longline mainline
is literally propelled off the stern of the fishing vessel by what is called a “line shooter” to be
laid slack in the water, with lots of “sag” in the line.  This line I would call laid out “slack”.  In
my hauling experience, when our line is parted or broken for some reason, the line comes
back “slack”.  This results in both the catch and any by-catch being excessively tangled.  A
tight longline comes back “clean” with almost no tangles at all, no matter what size or
characteristic the catch has.  The last possible explanation I can render for a mortality rate
difference between any two gear types might be because of the time of haulback and the time
that sea turtles are feeding.

I do not have any other suggestions for mitigating the incidental take of sea turtles.  I
believe the sea turtles are on the same current changes that guide all pelagic creatures in the
North Atlantic Ocean.  The sea turtles must be feeding in the Gulf Stream and following the
warm temperature burst of current that breaks off the stream south of Newfoundland and split
to the northeast into the North Atlantic current.  The large leatherbacks seem to be in their
element in these waters, eating alongside killer whales, swordfish, and tuna.  These eddy-like
formations seem to be unpredictable in that some years they have many sea turtles and some
years they have almost none.  There is a lot at work in nature, propelling these sea turtles
across the ocean.  I once fished a warm eddy in November that broke up into the cold
Labrador Sea current, getting 100 miles north of the warm North Atlantic current.  We fished
this piece of water for 9 days before we were forced to take three days off to avoid a
hurricane.  We caught one small loggerhead in this piece of water during the second day of
fishing, when this water mass was still connected to the main stream.  By the ninth day, we
were seeing 15-20 loggerheads a day, all on the surface, with their heads out, just drifting. 
We would haul by them, within ten feet and they did not move.  When we first fished that
eddy, the core water temperature was 70 degrees.  When we finally gave up fishing and faced
the stern into the air to avoid the storm, the core water temperature was 58 degrees.  We had
a hard time in that dying eddy and I imagine the sea turtles did also.

I am not leading to any mitigating suggestion here.  I only suggest that the sea turtles,
like the fishermen and the fish, are following the warm water as it cuts across the southern
edge of the cold water.  If there is a specific pattern to how they move in opposition to the
fish so that a fisherman could avoid a sea turtle by following that pattern, I do not see it.  I
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would suggest that scientists use longline fishermen to tag leatherbacks.  Find out the
mysteries of their migrations.  Use longline by-catch as a ruler to measure sea turtle
populations, analyze all this new available data, and ascertain what gear type is the best at
mitigating mortality.  Take measures, but calculated action, and work with us to solve these
problems.
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Distribution of Pelagic Longline Fisheries in the Western Atlantic Ocean

John J. Hoey

Blue Water Fishermen's Assoc. 
National Fisheries Institute, Inc.

1525 Wilson Blvd.
Suite 500

Arlington, Virginia  22209

Within the context of the workshop goal, "To identify methods to reduce interactions and
mitigate takes, including non-lethal encounters and interactions that result in injury and in
some cases death", this report provides background information on longline gear, fishery
characteristics, and recent trends in the U.S. pelagic longline fishery.  It is important that
differences between operational and gear characteristics and regional-seasonal fishing
patterns, and differences between U.S. and other international pelagic longline fisheries be
recognized.  These and other factors will undoubtedly influence interaction rates and any
analysis that attempts to quantitatively evaluate the biological consequences of these
interactions.  Comments are provided on research needs that relate both to existing data and
future cooperative field research.  The absence of comprehensive analyses of existing observer
data, from the U.S. and other world fisheries, limits the scientific guidance that might be
provided to guide workshop discussions.  In addition, analytical results could help identify and
prioritize options to reduce interactions and mitigate takes and can provide fertile ground for
cooperative efforts between fishermen and scientists.

U.S. Longline Fishery 

Preliminary information has been generated by analyzing data from established
monitoring programs, including vessel logbooks, landing reports, and observer and fishermen
sampling programs.  Most of the material is taken from NMFS reports or documents from the
Standing Committee on Research and Statistics (SCRS) of the International Commission for
the Conservation of Atlantic Tunas (ICCAT).  Supplementary material and preliminary
summaries were provided by NMFS personnel and are subject to revision.  Some of the
information presented at the workshop on trends in the U.S. pelagic longline fishery was
subsequently revised and submitted to the ICCAT-SCRS during the 1994 meetings (Hoey,
Bertolino, Cramer, and Rogers 1995).

Many management regulations (quotas and size limits) affecting the U.S. Atlantic
longline fishery are recent (1990 or later), whereas fishery reporting regulations (permits,
logbooks, and trip landing receipts) were implemented earlier.  Data collection and processing
is time-consuming and labor-intensive, sometimes resulting in a backlog of one year or more
before summaries can be provided.  Logbook formats and reporting requirements change.  In
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many cases, similar information was provided voluntarily by interested captains, owners and
dealers prior to the establishment of mandatory reporting.  It is important to recognize these
changes over time so that decisions relating to the appropriateness of the sampling records
can be made before that data is used in quantitative analyses.  In particular, regulatory
changes have influenced compliance rates between identifiable fleet components.  The Atlantic
longline fishery has several components, including a Gulf yellowfin fishery, a mixed swordfish-
tuna fishery along the Atlantic coast, and a distant water swordfish fishery.  Additionally,
shark fishery management plan regulations have increased reporting from smaller coastal
longliners that had not been traditionally captured in the swordfish reporting system.  Each of
these fishery components can be characterized by different operating patterns (time and space)
and gear configurations which will influence interaction rates with sea turtles.  

Fleet Size

Swordfish permits and logbooks have been required since 1987.  There are no qualifying
criteria for these permits and many more are issued than are used.  Table 1 summarizes permit
information with respect to fishing activity.  Fleet size and vessel activity peaked in 1989 and
has subsequently declined.  The increase in the number of vessels that reported fishing at least
once (fished), from 339 in 1992 to 418 in 1993, may reflect increased reporting by shark
longliners.

Table 1.  Numbers of permitted longline vessels and records of activity in the fishery.  Permit
lists the number of permits issued, fished is the number of vessels reporting fishing, > 1 swf is
the number of vessels that caught at least 1 swordfish, and > 1 swf 5 mn is more than 1
swordfish in each of 5 months.  Total hooks are listed in millions.  Values listed for 1993 are
preliminary.  (Source:  Cramer, 1993, and preliminary data NMFS-SEFSC).

YEAR PERMIT FISHED > 1 SWF >1 SWF 5mn HOOKS

87 616 290 273 173 6.541 m

88 684 390 339 197 7.016 m

89 721 457 416 227 7.942 m

90 610 419 363 195 7.500 m

91 549 342 309 164 7.736 m

92 515 339 303 182 9,040 m

93 874 418 298 147 7,552 m
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Differences between the numbers of permits issued and the vessel counts associated with
at least one report of fishing and reports of successful swordfish fishing highlight the
significance of seasonal part-time involvement in pelagic longline fisheries.  In light of
international quota restrictions and deteriorating conditions in other U.S. fisheries,
participants in the pelagic longline fisheries for swordfish and tuna have been working with
NMFS Highly Migratory Species Management Division to establish an access limitation
program that would eliminate inactive permits and limit participation to currently active,
economically dependent vessels.  License limitation will provide an incentive for the industry
to proactively address bycatch issues such as sea turtle interactions.
  

Longline Effort 

Previous reports have summarized logbook recorded effort in numbers of daily sets and
total hooks fished by year, month, area, and combinations of these variables (Cramer et al.,
1993; Cramer, 1993; Cramer, 1994).  In this report the minimum number of hooks per set
criteria was increased from 100 to 150 hooks per set.  This criteria is used in summarizing
logbook reports to exclude non-longline effort from charter vessels, bandit rig or handline
effort from other commercial vessels, and non-pelagic longline effort by smaller coastal
vessels, especially part-time activity targeting bluefin, yellowfin, and pelagic sharks by charter
vessels and others involved in chunking operations.  In addition, all trip summaries (multiple
sets reported on a single daily sheet) and reports of tended line effort were excluded when
they could be identified.  Bottom longline records were identified and deleted when possible. 
Additional information on the characteristics of the various data sets that can provide
information on effort and fleet participation is provided in Hoey et al., 1995.  The procedures
used to summarize the reported logbook data have attempted to exclude all non-pelagic
longline effort and a limited number of very small sets so that these trends accurately reflect
effort for the offshore U.S. longline fleet that targets swordfish and tuna.  

The total number of logbook reported pelagic longline sets with more than 150 hooks per
set has declined 16% from 1989 to 1993, from 17,780 sets to 14,970 sets, with little apparent
change in proportional effort by region, except that northeast sets have increased slightly
while southeast sets have declined (Table 2).  While the number of longline sets or days fished
has apparently declined, the reported longline effort in terms of hooks set has increased
(Figure 1).  The increase results primarily from the Northeast and Gulf of Mexico regions
where tuna effort has increased in importance.  Effort has also increased in the areas that
correspond to tropical central Atlantic areas identified as "OTHER" and "NOREQ" in Cramer
1993 (annual logbook report).  This reflects offshore movement of the larger U.S. vessels to
avoid gear conflicts and congestion in the Caribbean basin, while searching for larger
swordfish and productive tuna fishing conditions associated with convergent current zones. 
In the Gulf of Mexico reporting has improved, especially among the Vietnamese-American
fleet.  In addition, throughout the southern areas of the fishery, increased reporting by shark
vessels, and/or increased activity by small coastal longline vessels displaced from snapper and
grouper fisheries, has influenced patterns in participation and estimates of total annual effort
by area.  Within each area effort levels 

vary by month, with greater seasonal variability evident in the northern areas and in the distant
water fishing regions.  
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Factors that Influence Sea Turtle - Longline Fishery Interactions 

Cross-referencing logbook reports, landings records, and observer information can help
establish appropriate stratification variables for both fishing effort and observer records that
differentiate between the components of the offshore longline fishery.  It is particularly
important to recognize the differences between gear and operating styles, especially for those
factors which will influence encounter rates with turtles (season, region, target species, set
and haul time, bait, hook, lightstick use, etc.).  Table 3 provides preliminary summaries for
some observer records from Japanese and U.S. fisheries in the western North Atlantic that
illustrate different encounter rates.  These differences must be kept in mind when you evaluate
estimates of total longline effort provided in annual summary reports from monitoring
programs.  U.S. longline sets occur seasonally from off the north coast of South America,
throughout the Gulf of Mexico, along the eastern seaboard and offshore to the tail of the
Grand Banks eastward toward the Azores (1992 effort distribution plotted in Figure 4,
Witzell, this volume).  Much of the preliminary data that has been provided on longline - sea
turtle interactions has not accounted for differences between seasonal interaction rates within
regions or differences between effort targeting tuna as compared to swordfish within the same
region-season strata.

Preliminary information indicates that the majority of turtles involved with the gear,
especially leatherbacks, can be released alive.  While leatherback and loggerhead interactions
have been confirmed, there apparently are questions about the reliability of identifications of
other species.  A comprehensive review of available Atlantic observer data sets is needed to
examine differences in interaction rates between areas, seasons, and operating characteristics. 
This review would also provide information on sizes/life stages of the turtles and any fine
scale environmental anomalies that influence interactions, especially multiple interactions as
mentioned by Witzell (this volume).  Information on gear and operating styles associated with
the different types of interactions; entanglement (not hooked), foul-hooked (fins or shell),
hooked in jaw, throat, or abdomen, could suggest operating guidelines that would reduce
interactions or improve the condition and survivability of the turtles that are caught.  

In terms of assessing the biological consequences of these interactions, a reliable estimate
of the total number of interactions (lethal vs. non-lethal and by hook location) and total
number of mortalities must be compared against population estimates for the size/age classes
that are represented in the interactions.  There are a number of analytical issues that relate to
the reliability of estimates based on the expansion of an observer data set that is statistically
characterized by infrequent events that appear clustered and contiguous in time and space. 
Appropriate estimation procedures depend on the distributional characteristics of the
interaction rate (catch per set or day or catch per 1,000 hooks).  Distributional characteristics
undoubtedly differ by season, region, and fishery.  In general, the distributions will be skewed
(i.e., non-normally distributed) with a predominance of zero observations.  In addition, the
positive observations are clustered and contiguous in time and space.  The use of mean and
median observed catch rates may lead to overestimates of total interactions.  Alternative
distributional assumptions (poisson, negative binomial, delta lognormal) or additive models
that independently model zero frequencies and positive observations should be evaluated. 
While the total number of interactions (non-lethal + lethal) may be estimated with reasonable
precision, estimating lethal interactions directly may not be possible given the previously-
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described data characteristics and the fact that the vast majority of the interactions are non-lethal.

In terms of survivability, the key variables are the style of interaction, hook location, and
the degree to which the turtles can be completely released and untangled from the gear. 
Advice from scientists and managers on specific steps that fishermen could take to increase
the survival of released turtles would immediately help to reduce mortality.  Fishermen have
suggested:  immediately slowing down the vessel and gear retrieval, minimize the strain on the
leader, cut the leader free as close to the hook as practical, and remove hooks when possible. 
Unfortunately, because of the political sensitivity of sea turtle interactions and the absence of
reasonable and official scientific guidance from the appropriate management agency, captains
are extremely hesitant to do anything but cut the leader and release the turtle quickly. 
Questions of particular interest to captains include:  should hooks be removed from flippers? 
Should attempts be made to remove hooks from the jaw?  Should hook removal efforts be
done on deck (for appropriate sized turtles) or in the water?  Should a de-hooking device be
used if the hook is in the throat?  Under what conditions should resuscitation techniques be
tried?  Clearly, improved communication between managers, interested scientists, and
fishermen is needed to effectively and rationally address this issue.  Interested scientists and
managers should develop outreach documents in a format suitable for U.S. and foreign
fishermen (pamphlets or videos) describing appropriate procedures for handling turtles,
including resuscitation and hook removal techniques.

As a final comment, U.S. commercial fishermen are especially sensitive about being
isolated on environmental issues when their perception is that other fisheries are also involved,
including other commercial fisheries using different gear, recreational fisheries, and fisheries
conducted by vessels from other nations that would impact the same stock of concern.  Since
both the loggerhead and leatherback sea turtles are distributed within the North Atlantic
current gyre, other north Atlantic pelagic longline fisheries for highly migratory species and
other offshore fisheries (purse seine, driftnet, pair-trawl, bait-boat, rod and reel, and handline)
probably interact with the same sea turtle stocks.  Other north Atlantic fishing longline fleets
are deployed by Canada, Portugal, Korea, Taiwan, Mexico, Cuba, Venezuela, Trinidad and
Tobago, Barbados, Grenada, St. Vincent, St. Lucia, and several artisinal fisheries.  ICCAT
landing statistics can provide an indication of the significance of Atlantic longline fisheries. 
While U.S. fishermen are committed to working cooperatively with U.S. scientific and
management groups to evaluate the extent of the problem and consider effective mitigation
options, it seems inevitable that international cooperation will be required to effectively
address sea turtle mortality resulting from interactions with pelagic longline gear.  
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Table 3. Preliminary Summary of Western North Atlantic Pelagic Longline Observer
Records from the Canadian Department of Fisheries and Oceans and the U.S.
National Marine Fisheries Service.

Japanese Longline Fishery

1)  Inside Canadian EEZ 
Approximately 4,055 sets observed between 1978 and 1992.  Forty-six (46) turtles were
observed.  Information on mortality rates was not available at this time.  Interaction rate
.0113 turtles/set.  (J. Porter DFO St. Andrews, pers. comm.)

2)  Inside U.S. EEZ in Gulf of Mexico 
765 sets observed between 1978-1981.  Thirty-two (32) turtles observed, 91% released
alive.  Interaction rate .0418 turtles/set. 

3)  Inside U.S. EEZ  North of 35 N 
4,634 sets observed between 1978-1988.  One hundred and thirteen (113) turtles
observed, 67% released alive.  Interaction rate .0244 turtles/set. 

U.S. Longline Fishery*

1)  Gulf of Mexico only.
349 sets (196,744 hooks) observed between 1987 and 1991.  Three (3) turtles observed,
all released alive.  Interaction rate .0086 turtles/set.  No interactions reported on 159
observed sets prior to 1990.  Data includes 320 sets from LSU observer program which
included 252 yellowfin tuna sets, 12 swordfish sets, 33 shark sets, and 1 snake eel set.  

2)  Gulf of Mexico, Caribbean, Southeast U.S., and Northeast U.S.
1992 SEFSC Observer program.  171 sets (80,426 hooks) observed.  Seven (7) turtles
recorded.  Interaction rate .0409 turtles/set.  

1993 SEFSC Observer program.  548 sets (356,353 hooks) observed.  Fifty-six (56)
turtles recorded.  Interaction rate .1022 turtles/set.

3)  Northeast U.S. north of 35 degrees north including Grand Banks.
1992 NEFSC Observer program.  161 sets observed.  Thirty-six (36) turtles recorded
with one (1) documented death.  Interaction rate .2236 turtles/set.

1993 NEFSC Observer program.  278 sets observed.  Thirty-seven (37) turtles observed
(1 dead, 1 alive injured, 17 alive not injured, and 12 alive condition unknown). 
Interaction rate .1331 turtles/set.

* SEFSC and NEFSC observer data will be combined and summarized consistently by area
and season.



58

References

Cramer, J. 1993.  Large Pelagic Logbook Newsletter - 1992.  U.S. DOC/NOAA/NMFS.
NOAA Tech. Memo.  NMFS-SEFSC-322.  April 1993, 16p.

Cramer, J. 1994.  Large Pelagic Logbook Newsletter - 1992.  U.S. DOC/NOAA/NMFS.
NOAA Tech. Memo.  NMFS-SEFSC-352.  August 1994, 19p.

Cramer, J., A.R. Bertolino, and M.I. Farber.  1993.  Some Characteristics of the U.S. Fishery
for Swordfish since 1987.  Int. Comm. Conserv. Atl. Tunas (ICCAT).  Col. Vol. Sci. Pap.
Vol. XL(1):  404-411.

Hoey, J.J., A.R. Bertolino, J. Cramer, and C.W. Rogers.  1995.  Recent Trends in the U.S.
Atlantic Longline Fishery.  Int. Comm. Conserv. Atl. Tunas (ICCAT).  Col. Vol. Sci. Pap.
Vol XLIV (3):  248-261.



59

Distribution and Ecology of Sea Turtles in the Western Atlantic Ocean
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Of the six species of sea turtles that occur in the western Atlantic, five are found in North
American waters. These sea turtles range in size from the huge leatherback, Dermochelys
coriacea, which can exceed 500 kg; to the intermediate-sized loggerhead, Caretta caretta,
and green sea turtle, Chelonia mydas, weighing more than 150 kg as adults; to the more
diminutive hawksbill, Eretmochelys imbricata, and Kemp's ridley, Lepidochelys kempii, rarely
exceeding 85 and 60 kg respectively.  In addition to the obvious size differences, the
leatherback with its pliable shell is the only species among these belonging to a different
taxonomic family.  All five of these sea turtles currently are listed in the Federal Register as
either threatened or endangered, however the individual species range greatly in abundance
within North American waters. 

Despite their large size, sea turtles generally are not highly visible.  Except for very brief
periods in the lives of adult females when they come ashore to nest, sea turtles spend virtually
their entire lives at sea.  This unique behavior results in great difficulties in accurately
determining their distribution and abundances.  Additional complexities in the ecology of these
sea turtles, such as ontogenetic behavioral and geographic shifts and long-distance migratory
movements, have further contributed to obscuring natural patterns of timing and distribution
of sea turtles to observers.  Thus, any single method used to assess the ecology or abundance
of sea turtles that depends upon observation will almost necessarily yield incomplete data. 
Much better estimates and more complete data result from the use of many different methods
simultaneously.

Among the most often used source of data for estimating sea turtle abundance is
enumeration and extrapolation of numbers of nesting females.  Although the popularity of this
method probably stems from the relative accuracy that can be achieved by counting sea turtles
or their nests on land, from such a census only weak inferences can be made about relative
numbers of juveniles and adult males.  Moreover, estimating species distribution ranges and
timing of occurrence based on nesting beach surveys can lead to some gross misconceptions,
since they only deal with a specific component of the overall population. No information can
be obtained from this method about other individuals that are not reproductively active at the
time of the survey.  In the eastern U.S., loggerhead nesting areas extend from the Gulf of
Mexico to North Carolina, with most nesting activity occurring along the Atlantic coast of
Florida.  Green sea turtles, leatherbacks, and hawksbills nest in much smaller numbers, also
primarily on Florida's east coast.  Kemp's ridley nesting is negligible on U.S. beaches.

Separate but overlapping data on sea turtle distribution and ecology can be derived from
stranding records.  Along with nesting females, stranding data also include adult males and
juveniles of a wide range of size classes.  In addition, stranded sea turtles often are
representative of the populations that are present within nearshore waters close to the location
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and timing of stranding.  Therefore, these data provide a more extensive view of overall
geographic range of the species and of seasonal and age related movements.  In the case of all
five species present in eastern U.S. waters, the distribution and timing of occurrence of
stranded sea turtles is much more extensive than would be indicated merely by nesting
activity.  Thompson (1988) reported that nearly one fourth of all loggerhead strandings occur
in the Gulf of Mexico and in the Northeast, well outside of the primary nesting areas. 
Similarly, nearly one third of the stranded green sea turtles are found in the Gulf of Mexico. 
The most striking example is that of the Kemp's ridley, which doesn't even nest in the U.S. but
has been found stranded throughout the Gulf and along the Eastern Seaboard in large
numbers. The stranding records further indicate that large numbers of young Kemp's ridleys
are present each summer at least as far north as New York (Morreale et al., 1992). 

Another important source of data comes from records of incidental captures of sea turtles
in commercial fisheries.  Because sea turtles captured in this mode presumably have been
intercepted during their normal activities, such records contain valuable information on sea
turtle ecology and distribution.  At the least, fishing records provide timing and location of
occurrence of individuals.  Often these data also can be used to estimate demographic features
such as species composition, size structure and sex ratio in addition to providing biological
data such as feeding behavior and habitat usage.  For conservation purposes, such data are
frequently included in quantification of impact on a species and formulation of management
strategies (Witzell, 1984).

The widespread distribution along the continental margin from the Gulf of Mexico to
Georges Bank has led to the extensive use of aerial surveys as a fourth means of censusing
populations.  If performed carefully, an aerial survey can offer valuable information that can
not be obtained in other ways, such as shipboard observation.  Using such a careful survey,
Shoop and Kenney (1992) presented extensive data on loggerhead and leatherback
abundances over an area encompassing northeastern U.S. waters.  These data demonstrated
that both of these species occur off the northeastern coast throughout the waters extending
from the coast out to the shelf break.  Moreover, it was noted that there was a strong seasonal
component to sea turtle distribution in the Northeast, with peak abundance for both species
occurring during the summer and almost no individuals being observed in the winter.

Data from an extensive study of sea turtle ecology and behavior in the Northeast by
Morreale and Standora (1994) were highly complementary to those from the aerial surveys.
Using a combination of mark-recapture techniques, radio and satellite telemetry, and stranding
data, sea turtles were monitored both in inshore waters during the summer and as they
migrated along extensive oceanic routes during the fall.  Unlike aerial surveys, these
techniques enabled specific individuals to be monitored through time and were not limited by
aspects such as amount of time sea turtles spent at the surface, visibility of individuals, or
weather conditions.  In addition, because these studies included many sea turtles too small to
be seen from aerial surveys, new and important information was obtained about earlier life
stages of loggerheads, Kemp's ridleys, and green sea turtles.  Not only was there a
pronounced seasonal influence on occurrence and activity of sea turtles, but there were
indications that many sea turtles in northeastern inshore waters are representative of a group
of individuals that recently shifted from pelagic surface feeders to shallow-water benthic
foragers.  After benefiting from abundant resources in northeastern coastal waters during
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warm months, these sea turtles emigrate to southern coastal waters where they can overwinter
until the next spring when they can begin their coastal migratory movements again.

Summary

Each of the above techniques of monitoring sea turtles conveys important information
about species distribution and ecology.  However, each individual method has its attendant
limitations.  Therefore, a judicious approach in assessing sea turtle populations would
necessarily include several different modes of collecting data.  From the wide array of
techniques that have been employed, some general conclusions can be made.  There have been
five species of sea turtles recorded in U.S. waters extending from the Gulf of Mexico to the
Atlantic Coast as far north as New England.  The loggerhead is likely the most abundant, with
leatherbacks and Kemp's ridleys being numerous and widespread far into northern waters. 
Green sea turtles probably become more abundant in southern waters and hawksbills are not
often encountered north of the Gulf of Mexico. 

The overall range of a species, however, is not necessarily representative of all individual
members.  Sea turtles exhibit complex life cycles, thus, the occurrence of a sea turtle in a
specific region is dependent upon diverse ecological elements.  Many small sea turtles of all
species probably spend the earliest portions of their lives in pelagic waters, primarily those
associated with the Gulf Stream.  Large individual loggerheads and leatherbacks utilize the
coastal waters extending out to the shelf break.  Kemp's ridley, loggerhead, and green sea
turtles of intermediate sizes utilize coastal and inshore waters where they exhibit seasonal
migrations which may persist throughout their juvenile lives.  Hence, both ontogenetic factors
such as life stage of the individual and environmental factors such as season within the year
can exert strong influence on the occurrence and behavior of sea turtles.
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Sea turtles, Cheloniidae and Dermochelyidae, are known to ingest baited hooks or
become entangled and hooked externally in association with longline fishing.  All sea turtles
under U.S. jurisdiction are listed and protected under the U.S. Endangered Species Act of
1973.  However, the number of sea turtles captured in longlining, the level of mortality and
injury caused by these interactions, and the resulting impact to the affected stocks, are
currently unknown.  Mortality and injury of sea turtles from incidental capture in certain other
fisheries are already recognized as important issues to the conservation and recovery of these
threatened and endangered species.  Recently there has been increased concern by the
National Marine Fisheries Service over reports of sea turtles hooked in the North Pacific by
the Hawaii-based longline fishery.  The limited information available on this subject has been
summarized in a formal Section 7 Biological Opinion prepared by the National Marine
Fisheries Service. 

Objective

The research plan identifies a coordinated series of research activities to estimate
mortality and physiological impacts on sea turtles hooked and/or entangled by Hawaii's
domestic longline fishery.

Planning framework

The sea turtle Hooking Mortality Workshop held November 16-18, 1993 was sponsored
by the Honolulu Laboratory, Southwest Fisheries Science Center, National Marine Fisheries
Service, NOAA.  Scientists from across the U.S.A., as well as from three foreign nations, met
to propose and discuss activities that can be used to estimate mortality and injury to sea
turtles from longlining.  Longline fishermen and industry representatives were also invited to
attend.  Using an interactive planning methodology, a research plan was prepared as a first
step in developing a comprehensive research strategy on sea turtle impacts from longlining. 
No formal organization of the participating scientists exists, but individual researchers and
their agencies may use the research plan as the framework for research coordination.
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Recommendations

The research plan recommends a schedule of activities ranging from 1.5 to 5 years in
duration that would result in substantial progress in determining the level of mortality and
physiological impact to sea turtles from longline hooking.  The estimated cost of this research
program is $2.5 million in specific research activities and a minimum of $640,000 in ship time
for field work.  It is assumed that much of the required research will take advantage of
existing programs where ship time is available at no additional cost.

The major activities in the research plan consist of studies relating to:  (1) mortality
models; (2) hooking mechanics; (3) clinicopathology of hooked sea turtles; (4) hooking
physiology; (5) impact assessment of hooked sea turtles in captivity; (6) biotelemetry of
hooked sea turtles; (7) live sea turtle collection; (8) pelagic sea turtle ecology; and
(9) predation of hooked sea turtles.

At present, there is very little research being conducted on longline hooking mortality of
sea turtles.  The research plan lays out the logical sequence of steps and conceptual roadwork
for success, but funding sources are not identified.  The proposed work must be balanced
against competing and important research interests within the same issue, such as hooking
mitigation and sea turtle treatment measures.  However, it is apparent that much needs to be
learned about hooking mortality which will be applicable not only in the North Pacific but also
to sea turtles on a worldwide basis.
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Appendix I.  Workshop Participants and Observers

Workshop Participants:
George Balazs
Honolulu Laboratory
Southwest Fisheries Science Center
NMFS
2570 Dole Street
Honolulu, HI  96822 

Nelson Beideman
Blue Water Fishermen's Assoc
910 Bayview Avenue
Barnegat Light, NJ  08006

Dr. Alan Bolten
Archie Carr Center for Sea Turtle Research
Bartram Hall
University of Florida
Gainesville, FL  32611

Colleen Coogan
Southeast Regional Office
NMFS
9721 Executive Center Dr.
St. Petersburg, FL  33702

Dr. Scott Eckert
Hubbs - Sea World Research Institute
1700 South Shores Road
San Diego, CA  92109

Patricia Gerrior
Northeast Fisheries Science Center
NMFS
Woods Hole, MA  02543

Dr. John Hoey
Blue Water Fishermen's Association
National Fisheries Institute
1525 Wilson Blvd. Suite 500
Arlington, VA  22209

Dr. Molly Lutcavage
New England Aquarium 
Pelagic Group
195 State Street
Boston, MA  02110

Stephen Morreale
Cooperative Research Unit 
Department of Natural Resources
Cornell University
Ithaca, NY  14853

Ralph Owen
5 Fordham Road
Sag Harbor, NY  11963

John Watson
Pascagoula Laboratory
Southeast Fisheries Science Center
NMFS
P.O. Drawer 1207
Pascagoula, MS  39568

Phil Williams
Office of Protected Resources
NMFS
1335 East-West Highway
Silver Spring, MD  20910

Wayne Witzell
Southeast Fisheries Science Center
NMFS
75 Virginia Beach Drive
Miami, FL  33149

Facilitator
Paul Anninos
NMFS
1335 East-West Highway
Silver Spring, MD  20910
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Workshop Observers:
Dr. Alonso Aguirre
PO Box 1522
Fort Collins, CO  80622

Rod Dalton
Southeast Regional Office
NMFS
9721 Executive Center Drive
St. Petersburg, FL  33702

Marydele Donnelly
Center for Marine Conservation
1725 DeSales St.
Washington, DC  20036

Tim Eichenberg
Center for Marine Conservation
1725 DeSales St.
Washington, DC  20036

Svein Fougner
Southwest Regional Office
NMFS
501 W. Ocean Blvd. Suite 4200
Long Beach, CA  90802

Bob Harman
Western Pacific Regional Fishery
Management Council
1164 Bishop Street
Room 1405
Honolulu, HI  96813

Gail Johnson
Pocahontas, Inc.
RFD #1 Box 321
South Harpswell, ME  04079

James McCallum
Honolulu Laboratory
Southwest Regional Office
NMFS
2570 Dole Street
Honolulu, HI  96822

Eugene Nitta
Honolulu Laboratory
Southwest Regional Office
NMFS
2570 Dole Street
Honolulu, HI  96822

Chuck Oravetz
Southeast Regional Office
NMFS
9721 Executive Center Dr.
St. Petersburg, FL  33702

Jason Patlis
Office of General Counsel for Fisheries
NMFS
1335 East-West Highway
Silver Spring, MD  20910

Dr. Pamela Plotkin
Office of Protected Resources
NMFS
1335 East-West Highway
Silver Spring, MD  20910

Chris Rogers
Office of Fisheries Conservation and

Management
NMFS
1315 East-West Highway
Silver Spring, MD  20910

Karen Salvini
Office of Protected Resources
NMFS
1335 East-West Highway
Silver Spring, MD  20910

Heather Weiner
Office of Protected Resources
NMFS
1335 East-West Highway
Silver Spring, MD  20910
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Appendix II.  Participant Responses

Unstructured responses to question:  “In the context of reducing, preventing, and mitigating
longline-sea turtle incidental takes, what are the problems and issues which must be
addressed?”

1. Need to find the current commercially-produced hook which yields the least sea turtle
mortality.

2. Need to identify the oceanic locations, by season, of highest and lowest incidental take.

3. Gear and operating differences and condition at retrieval.

4. Need for use of standardized database collection by NMFS on the incidental take of sea
turtles by areas (Northeast, Southeast, Pacific).

5. Need to develop techniques to validate sea turtle identification.

6. Need to understand why sea turtles are attracted to longline gear.

7. Need guidance for interaction.

8. Need to be guided by ESA requirements.

9. What are the relative frequencies of entanglement, foul-hooking, and mouth-hooking?

10. Need to get fisherman to feel okay about reporting accurately.

11. Need to look for environmental linkages occurring with multiple sea turtle captures.

12. Clarify definitions of recovery as it pertains to re-evaluating stock assessment.

13. Need to collect more specific data on types of gear employed.

14. Need to develop methodologies to estimate survivorship of hooked (swallowed) and
released sea turtles.

15. Need to analyze all CPUE data to estimate total incidental sea turtle take by species.

16. Do current mortality rates for all Atlantic longline fisheries show similar rates of boatside
sea turtle death?

17. Need to develop practical and humane techniques for removal of hooks from sea turtles.

18. Need to identify sea turtle species' differences in hook location.

19. Need for standardized observer training by NMFS (on sea turtles).
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20. Improve the sea turtle interaction data collection, without increasing observer burden.

21. Need to look for physical effects of implantation on the hook.

22. Investigate sea turtle diet.

23. Understand how to handle all sea turtles that are caught.

24. Encourage careful study of gear modifications during normal fishing operations.

25. Consider enforceability in the development of management measures.

26. Consider the value of longline fishery as a platform of opportunity for data collection and
tagging.

27. Identify the recreational aspect that affects incidental sea turtle take.

28. Develop efficient sea turtle release procedures and apparatus.

29. Need to determine the effects of different bait on hooking rate (e.g., squid vs. mackerel).

30. Need to develop realistic authorized incidental take figures.

31. Need information from previous and future necropsies on dead hooked sea turtles.

32. Need to develop chemical bait repellents to deter sea turtles without reducing finfish
catch.

33. Need for sea turtle life history, size, age, etc. characteristics of interactions.

34. Need to develop population estimates comparing data and interactions pre- and post-
TED requirements.

35. How do we get industry acceptance of proposed mitigation measures?

36. Document history of changes in gear type, seasonality, and fleet size of the longline
fishery in relation to incidental sea turtle take.

37. Temporary restriction on new entrants to the fishery.

38. Need for information on effects of different longline fishing methods on incidental sea
turtle takes.

39. Need a consensus on leatherback stock status in Gulf of Mexico and the western
Atlantic.

40. Implement standardized, mandatory tagging programs for all Atlantic longline fisheries.
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41. Investigate fishing tactics as a means to reduce sea turtle interaction.

42. Study the behavioral ecology of pelagic-stage sea turtles.

43. Study evidence of longline fishery-sea turtle interactions at sea turtle nesting sites.

44. Need to devise practical and safe methods for lifting hooked/tangled sea turtles onto the
deck of the boat.

45. Conflict with need for best scientific data is too time consuming and expensive: in the
absence we assume the worst.

46. Need to develop clear definitions on entanglement/hooking and animal condition.

47. Lack of coordination with other groups and agencies seeking solutions to the problem.

48. An understanding among fishermen that saving sea turtles will benefit them in the future.

49. Need to test de-hooking device.

50. Ensure response to ESA requirements is based upon current stock assessments.

51. Analyze gear description data to determine if correlation exists between gear type and sea
turtle interaction/mortality.

52. Need to determine what level of incidental take is detrimental to the loggerhead sea turtle
population.

53. Need for mandatory shipboard observer programs to collect statistically reliable data.

54. Need to communicate accurate information to the public.

55. Negative industry perception of a lack of commercial U.S. representative in Hawaiian
longline workshop.

56. Worldwide moratorium on expansion of fisheries for scientifically determined fully and
overexploited populations of fish.

57. Lack of information on effects of incidental takes on different sea turtle life stages.

58. Technology transfer of reduced longline incidental take technology to other nations.

59. Need for Section 7 consultations to be peer reviewed.

60. Need to understand why longline vessels relocate to distant areas.
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Unstructured responses to question:  “In the context of mitigating longline-sea turtle
incidental takes, and reducing mortality, what are the options, strategies, and methods which
could be employed?”

1. Determine medical procedures to follow by evaluating differential mortality of released
sea turtles by species, size class, and hook location.

2. Initiate gear research project to develop release and de-hooking techniques.

3. Provide comprehensive, yet workable, retrieval, de-hooking, and/or release techniques to
the fisherman.

4. Provide education and advisory services for pelagic fisheries that encounter sea turtles.

5. Identify commercially available hardware for assessment of de-hooking and dis-
entanglement techniques.

6. Compare existing longline fishing patterns and sea turtle capture data to know patterns of
behavior and distribution. 

7. Assist industry to develop bycatch strategies through gear engineering.

8. Develop statistically viable mandatory observer program specifically designed to address
problems/issues # 2, 3, 4, 9, 11, 18, 19, 20, 26, 29, 33, 38, 51, 53, and 57.

9. Examine existing gear configuration data sets where interactions have occurred.

10. Temporary restriction on brand new entrants into fishery that have no experience.

11. Enhance communication with and technology transfer to competing international
fisheries.

12. Request voluntary closures of fishing in sea turtle dense areas.

13. Require buoy line-to-leader-ratio to be a minimum of one-to-one.

14. Need to prioritize research and mitigation strategies within this fishery and between other
fisheries.

15. Establish a panel consisting of researchers, fisherman, veterinarians, and managers to
develop protocol for handling and releasing hooked sea turtles.

16. Analyze existing gear description data to determine if a correlation exists between gear
type and sea turtle mortality.

17. Provide real time sea turtle distribution information such that it might be incorporated
into fishing plans.
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18. Develop forecasting techniques for sea turtle movement.

19. Compile lists of de-hooking techniques used in fish tag-release programs.

20. Implement tracking studies to determine fate of longline released sea turtles.

21. Develop education techniques for identification and handling of sea turtles on vessels.

22. Promote an understanding of sea turtle problems among all fisherman.

23. Develop a program to understand the diet of pelagic sea turtles by lavaging and studying
foraging behavior at sea using remote technology.

24. Test potential sea turtle decoy and repellent gears.

25. In areas and times of high sea turtle interactions, and/or clustering, recommend the use of
least number of light sticks as practical.

26. Place tree lopper and lifting net on all longline vessels.

27. Create regulatory language that requires maximum possibility of sea turtle survival by
releaser without jeopardizing human life.

28. Need a NMFS/industry working group to implement research and mitigation strategies.

29. Require use of bait/gear configuration that reduces gut hooking.

30. Initiate data collection on specific gear types, circumstances, related to sea turtle
mortality.

31. Impose import sanctions as necessary to ensure international compliance with
requirements imposed on its fleet.

32. Explain levels of incidental take that might cause rendering of jeopardizing species.

33. Use disentanglement techniques developed for longline fishery to disentangle sea turtles
observed in other gears.

34. Implement statistically designed field tests of different hooks and baits by fishermen.

35. Require that NMFS give higher priority to sea turtle observer programs.

36. Clarify a way for a vessel to document moving due to sea turtle interaction.

37. Implement the recommendations of the Honolulu workshop world-wide.

38. Decrease/eliminate amount of trailing fishing gear attached to sea turtles released from
the line.
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39. Recommend that NMFS continue to use open cooperative ESA discussions and not to
go into the closet after consultation to ensure the cooperation of fishermen.

40. Prepare and distribute education and instructional videos.

41. Compile fishermen's bible consisting of the following:  all applicable CFRs for all
applicable species, all tag and release information for all species, summary of species
biology for all species possibly encountered, and complete instructions for logbook
requirements.

42. Develop visual, chemical, and acoustical methods to deter sea turtles from longline.

43. Develop predictive models for sea turtle distribution by species and size class in pelagic
habitat.

44. Apply these methodologies to all relevant hook and line fisheries.

45. Request voluntary submission of all entanglement/hooking case histories to NMFS.

46. Revise regulations for resuscitation and handling sea turtles based on recommendations
of expert panel referred to in item #15.

47. Establish federal scientific position and support staff position to disseminate biological
and regulatory information to fishing industry on sea turtles; respond to industry
grievances; keep abreast of current scientific information on sea turtle biology; and
promote federal funding of sea turtle/fishery interaction, mitigation activities, and
research.

48. Enhance photographing and tagging of sea turtle interactions with or without an observer
on board.

49. Require direct, permitted biological incidental take to be halted and let longline bycatch
where possible supplant it.

50. Require NMFS to provide mechanism to make it legal for fisherman to bring injured sea
turtles to shore.

51. Develop a hook that decomposes within one month of insertion into a sea turtle and that
exhibits no difference in catch capability and target species.

52. Design laboratory experiments for determining biologically realistic decomposition times
for commercially manufactured hook types.
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Unstructured responses to question:  “In the context of reducing, preventing longline-sea
turtle incidental takes, what are the options, strategies, and methods which could be
employed?”

1. No new entrants in the fishery -- U.S., Atlantic-wide.

2. Promote technology exchange with the Japanese (and other nations) longline fishery.

3. Study fine-scale sea surface temperature across fronts.

4. Study light sticks' possible attraction of sea turtles.

5. Relocate fishing operations from areas of incidental sea turtle takes.

6. Experiment both in lab and field with various gear/bait assemblies to reduce or eliminate
attractiveness to sea turtles.

7. Work with fishermen to develop broader understanding and two-way network of sea
turtle knowledge.

8. Consider time/area closures or gear restrictions in sea turtle hot spots. 

9. Make past longline fishery-sea turtle interaction data available to construct predictive
models of sea turtle hot spots.

10. Develop visual, chemical, and acoustical methods to deter sea turtles from longlines.

11. Provide real-time sea turtle distribution information such that it might be incorporated
into fishing plans (#17 from list #2).

12. Educate fishermen regarding the need to avoid fishing in areas of high sea turtle density.

13. Develop and ground truth predictive models based on physical oceanography and sea
turtle biology, sea turtle distribution patterns by species and size class, in order to close
fishing areas where sea turtle densities are high.

14. Study gear:  mono, color and size, buoys, high flyers, radio beacons, polypropylene rope,
crimps, snaps, leads, glow beads, plastic squids and skirts, rattlers, and other ornaments
(see #6).

15. Study possible hook shield designs (similar to Japanese albatross problem).

16. Distribute predictive model regarding strength and number of eddies per year.

17. Educate and train sea turtles to stay away from longline gear (breed and clone).

18. Retrieve ghost longline gear.
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19. Investigate relationships between target species and sea turtles.

20. Encourage fishermen to communicate interactions in order to alert other boats.

21. Investigate effectiveness of gear haulback in sea turtle clusters.

22. Provide funds for all proposed research.

23. Increase observer coverage of longline fishery to document reductions in incidental take
and mortality rates.

24. Provide economically viable alternative fishing strategies for the fleet that do not result in
incidental take (e.g., spatial change or target species replacement).

25. Test potential sea turtle decoy and repellant gears (#24 from list #2).

26. Technology transfer to other nations of the new developments in gear that reduces
incidental take; including education and legal instruments).

27. In-tank loggerhead experiments looking for temperature, salinity, and dissolved oxygen
preferences.

28. Depth studies relating sea turtle feeding depths and hook depths.

29. Inform fishermen on a real-time basis about sea turtle migration patterns and areas of
possible and/or current interactions.

30. Investigate the availability of sea turtle's basic food chain.

31. Eliminate inactive or unused permits in longline fishery.

32. Employ newly developed gear modifications which are mutually beneficial to sea turtles
and fisheries. 

33. Analyze existing longline gear use to determine if a correlation exists between gear type
and sea turtle interactions (#16 from List 2).

34. When conducting area studies and/or sea turtle area closures, consider several CPUEs: 
sea turtles per hook, sea turtles per day, sea turtles per dollar landed, by vessel.

35. Study of long-term viability, possible overcapitalization of U.S. and global longline
fisheries.

36. Evaluate cost-effectiveness of direct industry subsidies, time area closures and other
restrictive measures compared to long-term research costs.

37. Require international compliance with U.S. conservation measures.
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38. Apply all these methodologies to all relevant hook and line fisheries.
 
39. Require use of new tasmanian bait box for longline fisheries bait.

40. Develop an educational program to encourage and promote voluntary efforts by
fishermen to avoid areas of sea turtle interaction.
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Table 1.  Detailed results of voting applied to unstructured list of 52 strategies and measures
which could be employed in mitigation of incidental sea turtle takes and reduction of
mortality; includes results of individual rankings  [5=highest priority, 1=lowest priority].
                                                                                                                                                 
   

Idea         #          Votes               Total                 Idea          #          Votes                Total
 #        of votes    (rankings)        Score                   #        of votes    (rankings)        Score

1 1 5 5
2 4 4,3,1,1 9
3 7 5,5,4,4,2,1,1 22
4 4 5,5,2,2 14
5 1 5 5
6 2 5,1 6
7 2 4,1 5
8 2 3,3 6
9 1 4 4
10 3 5,5,2 12
11 1 2 2
12 1 3 3
13 3 5,4,3 12
14 2 5,3 8
15 3 5,4,3 12
16 4 2,2,1,1 6
17 0 0
18 1 3 3
19 0 0
20 4 4,3,2,2 11
21 2 4,1 5
22 2 3,3 6
23 0 0
24 0 0
25 1 2 2
26 1 2 2

27 1 4 4
28 2 4,4 8
29 1 3 3
30 0 0
31 1 1 1
32 0 0
33 0 0
34 1 2 2
35 1 5 5
36 0 0
37 1 3 3
38 1 2 2
39 1 2 2
40 1 1 1
41 0 0
42 1 4 4
43 2 3,1 4
44 1 5 5
45 0 0
46 1 4 4
47 0 0
48 2 1,1 2
49 0 0
50 2 3,1 4
51 1 5 5
52 2 4,1 5
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Table 2.  Detailed results of voting applied to unstructured list of 40 strategies and measures
which could be employed in reducing or preventing incidental sea turtle takes; includes
results of individual rankings  [5=high, 1=low].
                                                                                                                                                 
   

Idea         #          Votes               Total                 Idea          #          Votes                Total
 #        of votes    (rankings)        Score                   #        of votes    (rankings)        Score

1 6 5,5,5,4,4,4
27

2 1 3 3
3 0 0
4 1 4 4
5 1 3 3
6 4 5,4,2,1 12
7 2 5,5 7
8 2 5,1 6
9 4 4,3,2,1 10
10 3 5,5,3 13
11 0 0
12 1 1 1
13 4 4,2,2,1 9
14 5 5,3,3,3,2 16
15 2 4,1 5
16 1 2 2
17 1 5 5
18 0 0
19 2 3,2 5
20 3 3,2,2 7

21 0 0
22 1 5 5
23 2 2,1 3
24 1 1 1
25 2 3,2 5
26 2 4,1 5
27 0 0
28 1 3 3
29 2 5,4 9
30 1 1 1
31 0 0
32 2 4,1 5
33 1 4 4
34 1 4 4
35 0 0
36 1 3 3
37 5 4,3,2,1,1 11
38 2 3,2 5
39 0 0
40 3 5,5,1 11


